The main purpose of this study is to compare the efficiency performance of high school education in Indonesia based on its specialization groups, namely natural and social sciences. This study uses secondary data of high school published by Ministry of Education and Culture of Republic of Indonesia in 2016 which covers general description such as the numbers of schools, students, teachers, graduates, classes, et cetera. This study uses a bootstrap approach that is applied in Data Envelopment Analysis (DEA) method, which compares the efficiency of each Decision Making Unit (DMU). To compare its efficiency, as many as 34 provinces are used as DMUs by using six input variables, namely the number of participants of national exam, students, schools, teachers, libraries, and the number of classrooms. The output variables are the number of graduates, the average score of national exam in Indonesian, English, and mathematics.The results indicate that all provinces have very good performance in organizing high school education for both natural and social sciences where the average efficiency scores of the traditional DEA are .99 and .98 for natural and social sciences, respectively. Meanwhile, its average scores from bootstrapped DEA are .98 and .96 for natural and social sciences, respectively. The empirical results also reveal that bootstrapped DEA provides better accuracy of efficiency scores than the traditional DEA. Overall, the provinces in Indonesia have better performance in organizing natural science than social science.
INTRODUCTION
In order to improve quality education has launched Republic of Indonesia government regulation No. 47 of 2008 which is compulsory education program of at least 12 years. Indonesian citizens must undergo basic education for 6 years followed by junior high school for 3 years and senior high school for 3 years. High School is an educational institution that is very important for the community, especially the next generation because it is usually used to find the true identity. In fact, high school is indeed a very decisive period in human development. Mahmudah, Suhartono, & Rohayana (2018) state that high school is a period of preparation for both students and institutions to provide sufficient skills and knowledge so that they are able to adapt to the environment appropriately. Those who have high school diploma can be very helpful in navigating their lives, whether on campus life or work life. In fact, many agencies require the level of education in the recruitment of new workers. Therefore, it is very important in completing 12 years of education as required by the Indonesian government.
To help students focus on a scientific field, the high school education system in Indonesia carries out a policy of majors or specializations that are tailored to the conditions of each student. Unlike the previous curriculum (the 2006 Curriculum) where specializations are conducted in 11th grade, based on the 2013 curriculum, this policy is usually done in 10 th grade. This is intended to direct students' interest so that it is more focused on a field of interest. The selection of specializations is based on students' grades and interests. Students can immediately choose their specializations when their grades are good. But, when their grades are not good enough then they must be seen correctly from the interview of the counseling teacher.
Generally, there are three specializations provided by high schools in Indonesia, namely natural sciences, social sciences and languages (depending on high school, usually only science and social sciences). It is important to note that according to the regulation of the minister of education and culture number 69 of 2013 regarding the basic framework and curriculum structure of senior high school, there are 9 (nine) compulsory subjects in high school curriculum in Indonesia where all students must take these subjects. They are religion and manner education, Civics and Citizenship education, Indonesian, Mathematics, History, English, Art and Culture, Physical Education, and Entrepreneurship education. Table 1 show subjects and hours per week that must be taken by high school students in Indonesia based on specializations. The main objective of this study is to analyze the performance efficiency of all provinces in Indonesia in organizing high school education. This is important to do in order to compare their performance in the implementation of education in high school. Unfortunately, the efficiency measurement of high school performance in Indonesia is still very rare (Mahmudah, et al., 2018) .
This study only focuses on two specializations in high school, namely science and social sciences specializations. In other words, this study compares the level of efficiency of all provinces in Indonesia in providing high school education services for natural and social sciences. This needs to be done in order to know which provinces can be used as role models for other provinces. Provinces that have efficient performance (or have the best performance) can be used as references for other provinces to improve their performance (Fatimah & Mahmudah, 2017) . Thus, due to the efficiency performance of all provinces increase then it allows to improve quality education in Indonesia, especially at the high school level. According to Escardibul & Calero (2013) , teaching staff and school autonomy have positive impact on the quality of education system. This study uses data envelopment analysis model which is well known as a powerful method in measuring the level of efficiency of decision making units (Fatimah &Mahmudah, 2017) . Efficiency measurement is introduced by Farrel (1957) which becomes the most widely used method by other researchers. Whereas data envelopment analysis (DEA) is introduced by Charnes, Cooper, & Rhodes (1978) where there are three main components, namely input, output and DMUs. Further, this method is developed by Banker, Charness, & Cooper (1984) . Basically, DEA model compares DMUs to find out which units perform efficiently based on the input variables in producing the targeted outputs. Therefore, these units can be used as references for other units to improve their performance to the point of efficiency (Banker,et al., 1984) . Data envelopment analysis uses a scale of 0 to 1 to representing the efficiency of each DMU where a unit is said to have efficient performance when the efficiency score is 1, otherwise, when its score is less than 1 then their performance is categorized as inefficient (Charnes, et al., 1978; Banker,et al., 1984) .
Although this method is the most popular among other methods of measuring efficiency, in fact the researchers found that DEA is very sensitive to the existence of outliers which leads to less accurate results of efficiency scores (see Gstach (1998) ; Simar & Wilson (1998); BenTal&Nemirovski (2000) ; Bertsimas&Sim (2003); Mahmudah, et al.(2018) ; et cetera). In addition, according to Simar & Wilson (1998) this method also requires input and output data with a high level of accuracy and precision, which is very difficult to obtain in real research.
In order to deal with problems of outliers that exist in the DEA method, researchers provide suggestions that can be used. Cooper, Huang, Lelas, & Olesen (1998) and Gstach (1998) use stochastic approach on DEA. Meanwhile, Bertsimas & Sim (2003) and Mahmudah, et al. (2018) use robust approach to reduce the impact of outliers in DEA method. However, this study applies bootstrap approach introduced by Efron (1979) to face the existence of outliers in the DEA traditional. This approach is a re-sampling method that is commonly used to other analytical methods to get better accuracy of the results. Further, this study also applies the algorithms of bootstrapped DEA introduced by Simar &Wilson (1998) to obtain bias-corrected efficiency score.
Based on the problems that have been mentioned above, this study aims to analyze the efficiency performance of high school education in Indonesiabased on its specialization groups, namely natural and social sciences. This study is very important to understand the level of efficiency performance of each province in organizing high schools education therefore we can determine which provinces have good performances.Province that has the best efficiency performance is entitled to be role model for other provinces to improve their performances.This study also provides a good overview of the performance of each province in organizing high schools specialization groups, namely natural and social sciences. Furthermore, this study is expected to improve the quality of Indonesian education by producing competitive students for both natural and social sciences.
METHOD
This study uses the statistics of general senior secondary school data in 2016, which is taken from the center for Education and cultural Data and Statistics, Ministry of Education and Culture of Republic of Indonesia. This study uses all provinces in Indonesia, which a total of 34 provinces as decision making units (DMUs) by using six input variables and four output variables. The input variables are the number of participants of national exam, the number of students, the number of schools, the number of teachers, the number of libraries, and the number of classrooms whereas the output variables are the number of graduates, the average score of national exam in Indonesian, English, and mathematics. In determining these variables are based on Fatimah & Mahmudah (2017) and Mahmudah, et al. (2018) .
In order to produce the empirical results, which are the efficiency scores for each province based on the input and output variables,this study applies bootstrap approach on data envelopment analysis introduced by Simar &Wilson (1998) , where sample replication has a very important role in providing better results.
Data envelopment analysis is a nonparametric method which is often used by researchers in analyzing technical efficiency of a unit or a program because of its simplicity. Besides, this method does not require statistical assumptions that usually exist in parametric approaches so that the results of the analysis depend only on the three categories in DEA, which are input and output variables and DMUs. Therefore, selection of these components is fundamental in applying this method due to accuracy and preciseness of input and output variables greatly influence the final conclusions. Unfortunately, in the sampling process researchers usually face difficulties in getting data that has a high level of accuracy. Besides, it is well known that one of the weaknesses of DEA is the difficulty of applying statistical inference to the DEA score (Simar &Wilson, 1998) . Therefore, a bootstrap approach is applied in DEA which allows reducing the sensitivity of efficiency scores from the traditional DEA. Basically, bootstrapping DEA is based on data generating process (DGP) to produce the expected final results.
Generally, DEA estimator based on multiple inputs and outputs can be described as follows. Let X and Y are input and output variables are used in the production process Ψ where the input set represents the technology set L(Y) = {X:(X,Y) ∈ Ψ}. Then based on Farrel (1957) the technical efficiency is defined as θ(X,Y) = min{θ:θX ∈ L(Y)}. Due to DEA is production frontier boundary then in generating samples is not straightforward but using smoothed bootstrap by drawing with replacement from the original estimates. Simar & Wilson (1998) use a kernel smoothing in order to generate pseudo efficiency scores, where this procedure is based on the reflection method (Silverman, 1986) . Bootstrapping DEA according to Simar &Wilson (1998) can be described through the following algorithms:
Step 1: Calculating efficiency scores using the traditional DEA, θ i = θ 1 , θ 3 , ..., θ n where i = 1, 2 ,..., n
Step 2: Generating random samples from the values from step 1 to produce θ bi = θ b1 , θ b3 , ..., θ bn where i = 1, 2 ,..., n
Step 3: Smoothing these samples in step 2 by using where h represents the bandwidth parameter.
Step 4: Calculating the final value of efficiency scores θ * by using:
where b and represent the average and variance of efficiency score, respectively.
Step 5: Adjusting the original output by using θ 1 /θ i
*
Step 6: Recalculate the efficiency scores by using the values in step 5 to produce θ k * ^
Step 7: Repeat step 2 -6 as many as b times to obtain b times of estimates.
These algorithms are used in order to obtain bias-corrected efficiency scores from bootstrap DEA. To give a clear picture of the difference between the traditional DEA and the bootstrapped DEA then the efficiency scores for both methods are presented in this study. Besides that, the bootstrap bias estimates are also presented. Furthermore, this study provides confidence interval for the estimated efficiencies from bootstrapped DEA based on Efron (1979) . Confidence interval of mean bootstrap 100(1 -α)% when α = .5 is defined as follows.
However, this study uses several conditions in order to apply bootstrap approach on DEA. The numbers of bootstrap replication B=1000 and B=2000 while the value of alpha which is related to the confidence interval for the bias corrected efficiencies is .05. Further, this study uses input-oriented model of DEA which is applied to analyze whether a DMU under evaluation is able to reduce the existing inputs when the outputs are fixed.
FINDINGS AND DISCUSSION Results
To obtain the expected results, this study uses secondary data based on statistical data of high school in Indonesia published by Ministry of Education and Culture of Republic of Indonesia in 2016. This study uses six input variables, namely the number of national exam participants, the number of students, the number of schools, the number of teachers, the number of libraries, and the number of classrooms. Meanwhile, there are four output variables are used, i.e., the number of graduates, the average score of national exam in Indonesian, English, and mathematics. It is important to note that these three subjects are mandatory subjects that are tested on both natural and social sciences. Furthermore, selection of the input and output are based on the National Education Standards (see Fatimah & Mahmudah, 2017) . Further, there are 34 provinces in Indonesia are used as decision .96 1.00 1.00 1.00 1.00
.96 1.00 1.00 1.00 1.00 1.00 To analyze technical performance of all provinces in organizing high school education for natural science specializations then the input and output data in table 2 are analyzed by using R studio. Table 4 shows the efficiency scores for both the traditional DEA and bootstrapped DEA of natural sciences specializations.
Figure 1. Efficiency Scores of Natural Sciences
From Table 4 , theta indicates the efficiency scores for the traditional DEA and bootstrapped DEA; bias represents the bootstrap bias estimates for the DMUs whereas Low and Up indicate the lower and upper bounds of confidence intervals, respectively. Further, B=1000 and B=2000 indicate the numbers of bootstrap replications. Table 4 indicates the efficiency scores for natural sciences where the average efficiency score of the traditional DEA is .99 while its average for bootstrapped DEA is .98 where both the numbers of replicates B=1000 and B=2000 produce similar value. Figure 1 shows the relationship of the efficiency scores from the traditional DEA and bootstrapped DEA for natural sciences.
From figure 1 it can be seen clearly that the efficiency scores from the traditional DEA has linear relationship with the efficiency scores from the bootstrapped DEA, where the scores of the traditional DEA are represented by blue line whereas the bias-corrected scores of the bootstrapped DEA are represented by red and green lines for the numbers of replications B=1000 and B=2000, respectively.
Furthermore, to measure the technical performance of these provinces in social science specializations then the input and output data in table 3 are analyzed. Table 5 shows the efficiency scores for both the traditional DEA and bootstrapped DEA of social sciences. Table 5 indicates the efficiency scores for each DMU based on social sciences specializations where the average efficiency score of the traditional DEA is .98 while its average of bootstrapped DEA is .96 where both the number of replications B=1000 and B=2000 provide similar value. This indicates similar results to the natural sciences specializations where the traditional DEA produce higher average efficiency score than the bootstrapped DEA although the difference is not significant. Figure 2 shows the relationship of the efficiency scores from the traditional DEA and bootstrapped DEA for social sciences.
From figure 2 it also can be seen clearly that the traditional DEA and bootstrapped DEA have linear relationship where the efficiency scores of the bootstrapped DEA go along with the efficiency scores of the traditional DEA increase.
Discussion
This study applies bootstrap approach on data envelopment analysis in order to test the efficiency performance of high schools education in Indonesia. As mentioned earlier, bootstrap approach is expected to produce better accuracy than traditional DEA. Further, this study focuses on comparing its efficiency on natural and social sciences specializations, which are commonly offered by all high schools in Indonesia. There are six input variables and four output variables are used to analyzing the efficiency of 34 DMUs which are represented by all Indonesian provinces.
In order to obtain the efficiency scores which represent all of provinces efficiency performances, this study follows the algorithms that are suggested by Simar & Wilson (1998) where bias-corrected efficiency scores from bootstrapped DEA are analyzed to deal with the sensitivity of the traditional DEA.
The empirical results of the traditional DEA produce the following results. The average efficiency score of natural science is .99 and its standard deviation is .02, which means that the performance of all provinces in organizing high schools education in natural sciences specialization reaches 99%. Meanwhile, the average score of social sciences is .98 while the standard deviation is .03, which means that all provinces in Indonesia are able to support their activities by using 98% of their resources. Further, based on the idea of Thanassoulis, Dyson, & Foster(1987) of the discrimination phase then the provinces in Indonesia are expected to be able to support the activity by using 99% and 98% of the existing resources for natural and social sciences specializations, respectively.
These results indicate that all provinces in Indonesia have very good performance in organizing high school for both natural and social sciences specializations.This statement is also supported by the results also indicate for the two specializations produce more than 50% of provinces perform efficiently, where their efficiency scores are 1.00. Natural science produce as many as 24 provinces (70.59%) have efficient performance. Meanwhile, there are 21 provinces (61.76%) perform efficiently in organizing high school education for social science. Beside, the lowest scores of technical efficiency for both natural and social sciences are .92 and .91, respectively. It comes as no surprise that for the two specializations it was found that East Kalimantan province has the lowest performance efficiency.
Thus, we can safely conclude that overall all provinces in Indonesia have worked very well in carrying out their duties to organize high schools where both the average score and the lowest score of efficiency are more than 90%. This result is in line with the studies conducted by Gharakhani, Kazemi, & Haji (2011) and Mahmudah, et al. (2018) where all provinces have performance efficiency more than 90% in organizing high schools.
Summing it up, based on the traditional DEA the results show a slight difference in natural and social sciences where provinces in Indonesia has a slightly better performance in organizing high schools based on specialization of natural sciences. The results show that natural science has a higher average score of efficiency scores than social science. Further, the lowest score efficiency for natural science is higher than social science. Besides, natural science also produces more provinces that have efficient performance. These show excellent accuracy of the estimation results for the two specializations.
By using the algorithms of bootstrapped DEA proposed by Simar & Wilson (1998) on table 4 and table 5 the bootstrap approach provides consistent results for both the numbers of replication B=1000 and B=2000 where they produce values whose differences are not significant. Further, they produce efficiency scores whose values are not far from the efficiency scores based on the traditional DEA. In fact, these values follow the efficiency scores of the traditional DEA continuously. It is important to note that both specializations produce consistent results.
Based on table 4 the average efficiency score for natural sciences specialization based on the bootstrap DEAis .98, which is smaller than the average score from the traditional DEA (.99). This result is consistent with the previous studies which suggest that bootstrapped DEA tend to produce smaller values of efficiency scores than the traditional DEA (see Simar & Wilson (1998); Ben-Tal&Nemirovski (2000) ; Bertsimas& Sim (2003); Mahmudah, et al. (2018) , et cetera). Whereas the average of bias estimates is .01, which is very small. Further, the average range of lower and upper bounds is .05 which also indicate a very small range.
Furthermore, the average efficiency score for social science based on the bootstrapped DEA for both the number of replications B=1000 and B=2000 provide similar value, which is .96. For the same reason, this result also consistent with the previous studies because the average score based on the traditional DEA is .98. The bootstrapped DEA for social science also produce very small value for both the average of bias estimate and the range, which are .02 and .06. The results of the bootstrapped DEA also indicate provinces in Indonesia have better performance in organizing natural science than social science, which has no contradiction with the results published by Mahmudah, et al. (2018) .
The results of the bootstrapped DEA also reveal that the province that has the lowest efficiency score in organizing natural and social sciences specializations is East Kalimantan where the scores are .91 and .90, respectively. Therefore, it is safe to conclude that the province of East Kalimantan has the worst performance among all provinces in organizing high school education of both natural and social sciences specializations. However, based on Thanassoulis, et al. (1987) East Kalimantan is expected to be able to support its activity regarding the existing resources by using 91% and 90% for both natural and social sciences, respectively. This shows that the province of East Kalimantan actually has good performance in organizing natural and social sciences specializations. Therefore, based on both the traditional DEA and bootstrapped DEA it can be said that all provinces in Indonesia perform well generally.
Furthermore, based on figure 1 and figure 2 also indicate that when the efficiency scores of the traditional DEA increase then the biascorrected scores of bootstrapped DEA go up. On the contrary, when the efficiency scores in the traditional DEA decrease, its scores in the bootstrapped DEA go down. These figures illustrate clearlythe linear relationship between the traditional DEA and bootstrapped DEA, where the efficiency scores of the bootstrapped DEA go along with the efficiency scores of the traditional DEA.
Overall, the empirical results based on table 4 and table 5 reveal that bootstrap approach provides bias-corrected efficiency scores that do not conflict with the traditional DEA. These statements are in line with previous studies which state there is no contradiction between the traditional DEA and the bootstrap DEA because the second approach is to improve the traditional DEA (see Simar & Wilson (1998) and Bertsimas& Sim (2003); and Mahmudah, et al. (2018) ). Most studies apply bootstrap or robust approach on DEA model in analyzing efficiency performance claim that the approaches provide better accuracy then the traditional DEA (seeSimar & Wilson (1998); Bertsimas& Sim (2003) ; Gharakhani, et al. (2011); Mahmudah, et al. (2018) , et cetera).
Furthermore, the bias-corrected efficiency scores from bootstrapped DEA are always in the interval ranges where the scores of the traditional DEA tend to be the same as the upper limit of the confidence intervals of the estimated efficiencies from bootstrapped DEA. The results also indicate that bootstrap approach provides a narrow range of confidence intervals for both natural and social sciences specializations. This shows that bootstrap approach on DEA model provides consistent results while the traditional DEA tends to obtain over-estimate efficiency scores therefore the final results are less reliable.
To crown it all, bootstrap approach produces less uncertainty of the estimation results of efficiency scores in analyzing the performance of Indonesian provinces in organizing high schools for both natural and social sciences specializations. Thus, it can be said that the bootstrapped DEA produces better results than the traditional DEA because its accuracy is better.
CONCLUSION
This study measures the efficiency performance of Indonesian provinces in organizing high schools education for both natural and social sciences specializations by using data envelopment analysis. This method is one of the most popular methods in measuring technical efficiency of DMUs because its simplicity. However, bootstrap approach is applied on DEA in order to deal with the weakness of the traditional DEA where this method needs high level accuracy of input and output data. Besides, the existence of outliers tends to cause the traditional DEA produce over-estimate efficiency scores. The empirical results indicate that all provinces in Indonesia perform very well in organizing high school education for both natural and social sciences specializations. The results also reveal that all provinces in Indonesia have better performance in organizing natural sciences than social sciences where the traditional DEA produce as many as 70.59% and 61.76% of the provinces that perform efficiently based on natural and social sciences, respectively. Furthermore, the results indicate that bootstrap approach provides consistent results where its efficiency scores follow the efficiency scores of the traditional DEA continuously. The results also indicate that bootstrap approach on DEA provide better accuracy of efficiency scores while the traditional DEA tends to produce over-estimate efficiency scores. Therefore, this study suggests that bootstrapped DEA is more appropriate to be implemented when measuring the efficiency performance due to it provides better precision results.
